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THEORETICAL AXALYSIS AmD BEmCE TESTS OF A COXIROL- 

By Charles W. Mathewe and Harold F. KLecbr  

The KACA is conducting a general investi&ation of Berva- 
mechanime for use in gowering a i rc raf t  contrcjl surzace 8. This 
pager presents a theoretical analpis and the results of bench 
tests  of a control-booster s,ystetem which eq loys  a m i a b l e  displace- 
ment. hydraulic pump. The boOs+&r is intended for use in  a flight 
inveati@tfon t o  determine &%he effects of various baoster pwamters 
on the handling; qualities of airglanes. Such a flight Fnvesti&tion 
would aid in formulating  specific mquiremsnts concerning the design 
of control  bcosters in  general. 

Results of the theoretical amQsis and the ljeslch teats Fnaicate 
that the subject booster is re,omsenAative of typs which show prGmiee 
of satisfactory performmce. The bench teats showed that the f o l l m i w  
deairable features were inherent in t h i s  booster system: 

(1) No loa t motion or plaa- in any part  of the sa-stem. 

(2) KO detectable lag between motion of the contra1  stick and 
control surface . 

(3) Good a-eemnt between control  displacements and stick-f crce 
variations with 110 hysterisfs In Vie stick-force  characteristics. 

The final desi- configuration of t h i s  bJoater systein showed no 
tendency t o  oscillate, overshoat, or have other undesirable txmmient 
characteriatica common to  bcosters. The booster m . ~  be adjusted to 
raquire the p i l o t  t o  exert any desZred f ract ion of %he stick  force 

. 



necessary t o  def1ec.f; L I e  control s w e c e  &c hold it deflected, but 
the respotme of the control swfEtce to motion of the stick is illdo- 
pendent of forces in the  sptem or rn the airplane. 

P;r. rctio oi' control-surface dieplacament to stick C2,splecamcnt 
frm rmutral st any ststic conditLon 

. 



. 

. time, seconds 





- 
The boost ratio (rztro of the toSal.stick force re@red to hold 
the  control  aurface  deflected t o  the stick force held by t h e  pilot) 
is dven by the eGmtion 
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Figure 1.- Schematic  arrangement of control-booster system. 
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F i g u r e  2.- T h e o r e t i c a l l y  d e r i v e d  response o f  t h e  c o n t r o l  
s u r f a c e   t o  g i v e n  m o t i o n s  o f  t h e  c o n t r o l  s t i c k  , f o r  a 
t . y p i c a l  d e s i g n   c o n f i g u r a t i o n  o f  the c o n t r o l - b o o s t e r  
system. 



Figure 3.- Photograph o f  setup for bench  tests of c o n t r o l - b o o s t e r  system. 
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Figure  4.-  Records  taken  during  bench tes ts  of contro l -boos ter  
system showing time h i s t o r i e s  o f  surface p o s i t i o n ,  stick 
p o s i t i o n ,  and s t i c k   f o r c e   d u r i n g  random motions o f  t h e   c o n t r o l  
s t i c k ,   b o o s t   r a t i o  = 3,  Hg = 8 foot-pounds  per  degree,  
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Figure 5.- Records  taken  during  bench tests  o f  contro l -booe ter  system 
showing time h i s t o r i e s   o f   s u r f a c e   p o s i t i o n ,  s t i c k  p o s i t i o n ,  and stick 
force   during  random motions o f  t h e   c o n t r o l   s t i c k ,   c o n f i g u r a t i o n  A .  
b o o s t   r a t i o  = 3.  

. .  . . . .  . . .. . . . . . . . . . 
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Flgure 6 . -  Records taken during  bench t ee t s  of c o n t r o l - b o o s t e r  system 
showing time h i s t o r i e s  o f  sur face  p a e l t i o n ,  s t i c k  position, and a t l c k  
force  during random motion8 o f  the control s t i c k ,   b o o a t  ratio =OI 
H~ = B foot-pound8 per degree .  

. .  
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Figure 7 . -  Records taken  during   bench  tes te  o f  control -booster   sgetem 
showing time h i s t o r i e s  o f  s u r f a c e  position, and s t i c k  position fo l lowing  
r e l e a s e  o f  the   contro l  s t l c k  from f u l l  back d e f l e c t i o n ,  b a o e t  r a t i o  = 3.  k w 
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F i g u r e  0.- P h o t o g r a p h  o f  b e n c h   s e t u p  of  c o n t r o l - b o o s t e r   s y s t e m  showing 
l n s t a l l a t l o n  o f  c e n t e r i n g   S p r i n g 8  o,n pump c o n t r o l  arm. 

. .. .. . . 
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Figure 9.- Records taken  during  bench tests o f  c o n t r o l - b o o s t e r  system 
showing tlme h i s t o r i e s  o f  s u r f a c e   p o s i t i o n  and s t i c k   p o s l t i o n   f o l l o w l n g  
release of  the c o n t r o l   s t i c k  from full back d e f l e c t l o n ,  c o n f l g u r a t l o n  A ,  
center lng-springs  on pump control -arm,   boost   rat io  = 3, Hg = 8 foot-pounds 
per degree,  

. 
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F i g u r e  10.- R e c o r d s   t a k e n   d u r i n g   b e n c h  t e s t s  o f  c o n t r o l -  
b o o s t e r   s y s t e m   s h o w i n g  tirre h i s t o r i e s  o f  s u r f a c e  p o s i -  
t i o n ,   s t i c k   P o s i t i o n ,   a n d  s t i c k  f o r c e   d u r i n g   r a n d o m  
n o t i o n s   o f   t h e   c o n t r o l   s t i c k ,   c o n f i g u r a t i o n  A ,  h e a v i e s t  
c e n t e r i n g - s p r i n g s  o n  pump c o n t T o l - a r m ,  boost r a t i o  3 ,  
Hg = 8 f o o t - p o u n d s   p e r   d e g r e e .  



. .  

UNDiMf€D DAMPED 

showing free motions of c o n t r o l  surface and c o n t r o l   s t i c k   w l t h ' a n d  
wi thout   v l scous  damping appl i ed  t o  t h e   c o n t r o l   ~ u r f a c e ,   c o n t r o l  stick 
and c o n t r o l  surface d i r e c t l y   l i n k e d   ( b o o s t e r   d i s c o n n e c t e d ) ,  
Hg = 8 foot-pounds  per  degree.  

. . .   . . .  . 
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Figure 12 . -  Records  taken  during bench t e s t s  of contro l -boos ter  system 
showing time histories of  s u r f a c e  poeition  and s t i ck  position fol- 
lowing release o f  the s t i c k  from f u l l  back d e f l e c t i o n ,  Fiscous 
damping  applied t o   c o n t r o l  Surface, booet rat io  3, Hg = 8 foot-  
pounds per degree .  . 

L. .. . . .. . . . 
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F i g u r e  13.- R e c o r d s   t a k e n   d u r i n g   b e n c h  t es t s  o f  c o n t r o l -  
b o o s t e r   s y s t e m   s h o w i n g  t ime h i s t o r i e s   o f   s u r f a c e   p o s i -  
t i o n ,   s t i c k   p o s i t i o n ,   a n d   s t i c k   f o r c e   d u r i n g   r a n d o m  
m o t i o n s  o f  t h e   c o n t r o l  s t . i c k ,  c o n f i g u r a t i o n  A, h e a v i e s t  
c e n t e r i n g - s p r i n g s   o n  pump control-arn, v i s c o u s   d a m p i n g  
a F p l i e d   t o  control s u r f a c e ,   b o o s t   r a t i o  3, Hg = 8 f o o t -  
p o u n d s   p e r   d e g r e e .  



Fi@re 1 4 . -  Records  taken  during  bench tests of control-booster system 
showing time h i s t o r i e s  o f  s u r f a c e   p o s i t i o n  and. a t i c k  p o s i t i o n  f o l -  
l o w i n g   r e l e a s e  o f  t h e   c o n t r o l   s t i c k  from f u l l  back d e f l e c t i o n ,   c o n f i g -  
uration A,  viscous  damping  applied to c o n t r o l  stlck, no center ing  
s p r i n g s  on pump c o n t r o l  arm, b o o s t   r a t i o  3 ,  Hg = 8 foot-pounds  per 
degree .  
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